We studied the effects of whey protein (WP) from cow's milk on calcium and bone metabolism in ovariectomized (OVX) rats. Six-week-old female Sprague-Dawley rats were ovariectomized and fed a low-calcium diet (0.03% Ca, 0.3% P) for 4 weeks. The OVX rats were divided into three groups and subjected to two experiments: Exp. 1, Cont group (20% casein, 0.3% Ca), WP(1%) group (19% casein, 1% whey protein, 0.3% Ca) and Low-Ca group (20% casein, 0.03% Ca); and Exp. 2, Cont group (20% casein, 0.3% Ca), WP(1%) group (19% casein, 1% whey protein, 0.3% Ca) and WP (2%) group (18% casein, 2% whey protein, 0.3% Ca). The rats were fed each experimental diet for 4 weeks. The final body weight, weight gain, food intake and food efficiency showed no significant difference between the Cont and WP (1%, 2%) groups in Exps. 1 and 2. There were no significant differences in the calcium balance, serum ALP or serum calcitonin levels between the Cont and WP groups in Exp. 1. But the breaking energies of the WP (1%, 2%) groups were higher than those of the Cont groups in Exps. 1 and 2. As for the amount of calcium, phosphorus and magnesium in the femur, there were no significant differences between the Cont and WP (1%, 2%) groups; however, the amounts of total amino acids in the femur of the WP (1%, 2%) groups were higher than those of the Cont groups in Exps. 1 and 2. The amounts of proline and hydroxyproline in the femur of the WP (1%, 2%) groups were also higher than those of the Cont groups in Exps. 1 and 2. These data indicate that the milk whey protein influence in OVX rats is an increase in bone proteins such as collagen and enhanced bone-breaking energy.
(kg/cm)(1/cm)(kg) Fig. 1 . Measurement of breaking strength and breaking energy of femur by rheol ometer MAX (RX-1600). efficiency are shown in Table 3 . The final body weight , weight gain, food intake and food efficiency were not significantly different between the Cont and WP (1% , 2%) groups in Exps. 1 and 2. The results of the balance study performed in the first and third weeks of the experimental period are shown in Table 4 . Calcium absorption rates, calcium retention and retention rate at 13 weeks of age (beginning of the third week of the study period) decreased slightly compared with those measured at 11 weeks of age (end of the first week). However , the calcium balance of the WP groups showed no significant difference among the OVX groups in Exp. 1. The results of the serum ALP activity and serum calcitonin level are shown in Fig . 2 . The serum ALP level of the Low-Ca group was higher than that of the Cont group , There was no significant difference in breaking strength between the Cont and WP (1%, 2%) groups, but the breaking energies of the WP (1%, 2%) groups were higher than those of the Cont groups in Exps. 1 and 2. The results of the amounts of calcium, phosphorus and magnesium in the femur are shown in Table 5 , and the results of the amounts of total amino acid in the femur are shown in Fig. 5 . As for the amounts of calcium, phosphorus, and magnesium, there were no significant differences between the Cont and WP (1%, 2%) groups in Exps. 1 and 2. However, the amounts of total amino acids in the femur of the WP (1% , 2%) groups were higher than those of the Cont groups in Exps. 1 and 2. The results of the amounts of proline and hydroxyproline in the femur are shown in Figs . 6 and 7. The amounts of proline and hydroxyproline of the WP (1% , 2%) groups were also higher than those of the Cont groups in Exps. 1 and 2.
DISCUSSION
In this study, we examined the effect of whey protein on calcium and bone metabolism using ovariectomized rats. The feeding of a normal diet to the ovariectomized rats that had been fed a low-calcium diet caused a 48% increase in bone mineral density within 30 days (13, 14) . The rats fed on the whey protein supplemented diet showed a significant increase in bone strength and hydroxypro line and proline content. The results of this study have demonstrated that whey protein influences bone metabolism by increasing the amount of bone protein such as collagen and enhancing bone-breaking energy. We first examined a calcium balance study and some serum parameters of the calcium metabolism because the enhancement of calcium absorption and calcium retention might cause an alternation of the bone calcium metabolism in rats, resulting in an elevation of calcium content and eventually an increase in resistance against breakage (13) (14) (15) . In the calcium balance study, we examined the apparent calcium absorption rate, calcium retention and calcium retention rate in the first and third weeks of experimental diet feeding. Previously, we reported the balance study of various calcium compounds using normal male rats. In spite of the lower calcium level (300mg), calcium retention at 13 weeks of age in this study was higher than that of a previous study (43mg/day; Ca 600mg, P 460mg) (16) . The reason for this difference is thought to be that the demand for calcium was high because the osteoporotic rats recovered from the state of osteoporosis to the normal state immediately. However, the apparent calcium absorption rate, calcium reten tion and retention rate of the WP groups were not significantly different from the Cont groups. Moreover, the serum ALP levels of the Low-Ca groups were higher than those of the Cont groups. The high-risk state of osteoporotic rats given low-calcium diets is associated with the high serum ALP levels. The serum bone-type ALP levels in the OVX groups were increased, and this enzyme may be released in a large quantity from the osteoblast membrane into serum in OVX animals, similar to those in rickets or osteomalacia (17) . These results show that this model is useful for evaluation of the calcium metabolism. However, there was no clear difference in serum ALP activity between the Cont and WP groups. We also measured plasma calcitonin because there was a correlation between plasma calcitonin and calcium retention (16) . However, there was no difference in the calcitonin level between the Cont and WP groups.
However, the breaking energies of the femur were significantly higher in the WP (1%, 2%) groups as compared to those of the Cont groups in Exps. 1 and 2. Breaking strength is the maximum power that is required to break bone by the three-point bending method. On the other hand, breaking energy is an integration value of power that is required to make a break. It is thought that breaking strength is a momentary and maximum power, whereas breaking energy is the overall power that is required to make a break. That is, it is thought that breaking strength reflects both bone mineral and bone proteins such as collagen, whereas breaking energy mainly reflects bone proteins such as collagen. In this regard, it is thought that the enhancement of bone strength due to the intake of whey protein causes an alteration of bone metabolism, resulting in an elevation of bone protein. Mature bone matrix is a complex of highly mineralized tissue with a structural framework including bone proteins. Bone proteins consist of mainly collagen and a small number of non-collagenous proteins and glycoproteins. The amounts of total amino acids in the femur of the WP (1%, 2%) groups increased as compared to those of the Cont groups in Exps. 1 and 2. The amounts of proline and hydroxyproline in the femur of the WP (1%, 2%) groups also increased as compared to those of the Cont groups in Exps. 1 and 2. From these results, it is thought that the amounts of femur proline and hydroxyproline, which are typical amino acids in collagen, were increased by the intake of whey protein. An increase in the bone-breaking energy from whey protein might result from an increase in bone proteins such as collagen, not the action of an increase in bone mineral. In our previous study, whey protein stimulated the cell growth and promotion of hydroxyproline content in osteoblastic MC3T3-E1 cells (9) . Using rat everted gut sac, the inner solution of a whey protein fraction, pepsin-digested and pepsin/ pancreatin-digested fractions also stimulated cell growth in osteoblastic MC3T3-El cells (9) . However, we could not demonstrate the relationship between these results in vivo and previous results in vitro. Further studies are required to determine the mechanism. In conclusion, it is suggested that whey protein has effect on bone metabolism.
